A simple and inexpensive procedure for the preparation of high specific activity 116 1 radioiodinated triiodothyronine and thyroxine is described. The specific activities achieved are approximately 350 Cijg for uOI-T4, and either 220 Cijg or 500 Cijg for 1"1-T3 depending on the reagents employed. The high specific activity 12&I_T4 and U51-T3 are suitable for the routine radioimmunoassay of serum total T3 and T4. When properly stored they have a shelf life of at least seven weeks.
The methodology is based partly on the work of Burger and Ingbar (1974) and Bellabarba, Peterson and Sterling (1968) .
131I-Triiodothyronine solution (10-30 Ci/g) 8-Anilino-I-naphthalene sulphonic acid (ANS) L-thyroxine and 3,5,3'-triiodo L-thyronine for standards TJ and T4 antisera (rabbit) Reagents for specific activity determinations 131J-Thyroxine solution (20-50 Ci/g) Methanol (AR) Sephadex LH 20 Labelling procedure This was carried out in a fume chamber fitted with lead screening.
(a) Simultaneous production o1 125 1-T3 and 1251_T4
The following reagents separated by air bubbles were drawn into a 100 ILl capacity Drummond microtol syringe in this order: 20 ILl T3 in methanol (2 nrnol), 10 ILl Na 125I solution (l mei), "'10 ILl (57 nmol) chloramine-T (1.6 gIl in phosphate buffer). 364 3,5,3'-Triiodo-L-thyronine (T3): Sigma Chemical Co. 100 ,...moljl in methanol, stored at 4°C in the dark. 3,5-Diiodo-L-thyronine (T2) These were then expelled into an AutoAnalyzer cup containing 100 fLl phosphate buffer, and mixed by raising and lowering the plunger of the syringe. The reaction was allowed to proceed for 2 minutes and then stopped by addition of 20 fLI of sodium metabisulphite" solution.
(6) Production of very high activity 1251_T3 (500 Ctls)
Reagents were drawn into a Drummond microtol syringe in the following order: 10 p,1 diiodo-thyronine in methanol (I nmol),5 p,1 Na 125 1 (0.5 mCi), -10 JLI (3.5 nmol) Chloramine-T (0.1 gil in phosphate buffer).
These were expelled into 50 p,1 phosphate buffer and mixed. After 2 minutes the reaction was stopped by addition of 20 fLI sodium metabisulphite* solution.
-The solutions of c1oramine-T and sodium metabisulphite were prepared immediately before use.
Separation of iodinated products
Separation of 12T>I_T3 from 12T>I_T4 was carried out by paper chromatography (Bellabarba et al., 1968) . The reaction mixture from (0) or (b) above was applied to a strip of Whatman 3MM chromatography paper (5 x 55 cm) along a line of origin approximately 2.5 cm wide. The strip was dried by a current of warm air (e.g, a hairdryer) in the fume chamber.
Hexane (I part), tertiary amyl alcohol (5 parts), and ammonia solution (2M) (6 parts) were mixed and the layers were allowed to separate. The lower ammonia layer was placed at the bottom of a Shandon chromatank , (56 cm deep); the upper layer was placed in the trough and the strips wc:e developed by descending chromatography overnigt t, Commercial 1251_T3 and 1251_T4 (20-50 Ci/g) were run in parallel during initial experiments in order to establish their Rf values (75 p,1 containing approximately 0.4 nmol T3 or T4 was applied). After the Approximate count rate of 5 mm segments cut from a typical paper chromatograph of the iodination reaction _sture using T3 as substrate (method a). strips had been air-dried, radioactive substances were located by cutting off one edge of each strip 1 em deep along the whole of its length and dividing this into 5 mm portions, which were counted for 6 seconds. Two peaks of radioactivity were obtained ( Fig.) and the constituents were eluted with 10 ml methanol (99 parts)/2M NH40H (l part). The eluates were dried down under nitrogen at 55°C in the fume cupboard. The residue containing 125 1_T3 was redissolved in 2 ml 50 % propylene glycol/water and required no further purification. This solution was stored at 4°C in the dark. The 125 1_T4 residue also contained the unreacted iodide and other radioactive contaminants so that further purification was necessary.
Purification of125I-T4
1251_T4 was purified by Sephadex column chromatography. Sephadex LH-20 was prepared by overnight equilibration in phosphate buffer and 3 ml settled in 5 ml capacity plastic syringes (Burger and Ingbar, 1974) . The dried 1261-T4 residue was redissolved in 1 ml 50 % propylene glycol and applied to the column, which was then washed with the following reagents: (i) Phosphate buffer, 2 ml; (ii) distilled water, 8 ml; (iii) methanol/2MNH40H (99: 1), 2.5 ml.
The 125 1. T4 retained on the Sephadex was eluted with a further 8 ml methanol/2M NH40H. The eluate was dried under nitrogen, redissolved in 2.5 ml 50 % propylene glycol/water and stored at 4°C in the dark.
Assessment ofpurity
The purity of our 125I-T3 and 125I_T4 preparations was assessed by a series of cross-reaction studies. More than 90% of the 1251-T4 was bound by an excess of anti-T4 antibody, but none was bound by a highly specific anti-T3 antiserum. From these experiments we conclude that the 125I-T4 was at least 90 %pure and that there is no evidence of contamination with 125 1_T3. Although more than 90% of the 125 1_T3 was bound by an excess of anti-T3 antiserum, it is difficult to exclude the possibility of contamination by 12&I-T4 since we were unable to obtain an anti-T4 antiserum which did not cross-react with T3 to some extent. However, separation of the iodothyronines by paper chromatography was good. In addition Dr. C. Ryrie, of Wellcome Reagents Ltd., subjected the 12&I-T3 to thin layer chromatography and obtained a single spot in the position of T3; therefore the presence of contaminating 125 1-T4 seems unlikely.
A quick and simple though non-specific method of assessing purity was frequently used. The labels were diluted in barbitone buffer (0.075M, pH 8.6) and 500 pol containing 30 0Q0-40 000 cpm were added to 200 1-' 1 charcoal suspension. After mixing, the tubes were allowed to stand for five minutes. (Under these conditions, charcoal adsorbs the iodothyronines but does not appear to adsorb their radioactive breakdown products or iodide.) The tubes were then centrifuged at 2000 g for 10 minutes and the supernatants were aspirated. The charcoal pads were counted and normally contained 90 %-95 % of the total radioactivity added. The percentage of counts adsorbed on to charcoal paralleled the percentage of counts bound by excess corresponding antibody. The charcoal adsorption test may also be used to assess the integrity of stored label.
Determination of specific activities
Absolute quantities of 1251_T3 and 125I_T4 were determined by treating various dilutions of the preparations as unknowns in radioimmunoassay systems employing 13lJ-T3 and 131I_T4 as labels. The concentration of 125I_T3 or 125I-T4 in the unknowns could be read from a normal standard curve and hence the specific activity calculated. The assay systems were based on a method described by Chopra (1972) using the following protocol: 1. 450 pol barbitone buffer (O.075M, pH 8.6) 2. 25 1-' 1 standard or unknown: T3 standard range: 0-7 nrnoljl T4 standard range: 0-340 nmoljl Unknowns: dilutions of 125 1_T3/T4. 3. 100 pol label: 500 pg 13lJ-T4 or 50 pg 13lJ-T3 per tube.
The labels were diluted in barbitone buffer containing 1% normal rabbit serum and l.S gil ANS. 4. 50 pol rabbit antiserum (T3 or T4 antisera) (manufacturer's recommended dilution). The tubes were mixed and incubated at 37°C for 2 hours. 5. 100 ILl donkey anti-rabbit antiserum diluted 1: 15 in barbitone buffer. After mixing, the tubes were incubated overnight at 4°C then centrifuged at 2000 g for 15 minutes. The supernatants were aspirated and precipitates counted. Assay tubes were set up in triplicate. Total count tubes were set up for each dilution of 125I_T3 and 125I_T4 as well as for 1311-T3/T4.
RESULTS
Each iodination using T3 as substrate (method (a» yielded between 0.6 and 0.9 nmol of 125I_T4, (sufficient for 2500-3500 assay tubes) and 0.2 to 0.4 nmol of 125I_T3 (sufficient for 2000 to 4000 assay Preparation a/ 125 / -thyrox ine and 125/-triiodothyronine 0/ High Specific Activity 367 tubes). The process was very reproducible, generally giving T4 of S.A. 350-400 Cijg, together with T3 of S.A. approximately 220 Cijg. 1251_T3 of S.A. > 500 Cijg was obtained when T2 was iodinated (method (b)), approximately 0.3 nmol of labelled T3 being produced. When the quantity of substrate in the reaction mixture was increased, products of lower activity were obtained, and on paper chromatography an unidentified radioactive substance appeared close to the solvent front.
Paper chromatography gave good separation of 1251-T3 from other components of the reaction mixture, but 125I_T4 was found to be contaminated with iodide and other breakdown products. Evidence of 125I-T4 breakdown during chromatography was discovered from control experiments in which 1251_T4 (Radiochemical Centre) was chromatographed and eluted; charcoal would adsorb 95 % of the original tracer, but only 67 % of the recovered radioactive material. Bellabarba et al. noted an unidentified radioactive peak near the origin of their paper chromatograms which they suggested was an artifact due to radioactive decay, which occurred only when old but not freshly prepared tracers were used. Our experiments suggest that some breakdown of tracers occurs during the chromatographic process itself. In any event Sephadex treatment has proved an effective method of removing breakdown products and iodide from 1251_T4.
DISCUSSION
The methods described above for production of 125 1_T3 and 125 1_T4 yield tracers of high specific activity (200-500 Cijg) which have proved satisfactory for use in routine T3 and T4 radioimmunoassay systems. The labelling technique is relatively simple, requiring no specialised equipment. It is also inexpensive, costing less than 0.5 p per assay tube. The total cost of reagents, including antisera, is currently about 5 p per assay tube for either T3 or T4. The tracers produced may be stored for at least seven weeks. By using highly active compounds an improvement in precision is obtained with a reduction in counting time.
The affinities of our antisera were 5 to 7 % higher for the low S.A. T3 and T4 obtained from the Radiochemical Centre than for 125 1_T3 and T4 prepared by the methods described above. This indicated that the commercial 1251-T3 and 125I-T4 preparations were a little more immunoreactive. However the slightly lower immunological activity of our preparations was more than offset by the higher count rates. Antibody binding studies indicated that the purity of our 125I_T3 and T4labels was above 90%. The 1251-T4 label may have con-tained some doubly radio-iodinated T4 (formed by both exchange and addition reactions) which is less suitable for routine RIA systems than 125 1 monoiodinated T4, because it decomposes rapidly (Weeke and Orskov, 1973) . The presence of radioactive breakdown products in labels does not necessarily render them unsuitable for use, but it is not possible to perform specific activity determinations accurately using these preparations by either the "self-displacement principle" described by Weeke and Orskov, or by comparison with 13 11 isotope preparations. Spuriously high estimates of S.A. may be obtained if label preparations are not properly purified because radioactive contaminants mayor may not compete for antibody binding sites but will contribute to the overall count rate.
Other workers (Kjeld et al., 1975) claim to have produced 125I_T4 of extremely high S.A., 4000 Cijg, by radio-iodination of T3. They stated that this is higher than the theoretical maximum S.A. for 125 1 mono-iodinated T4 (approximately 2800 Cijg) and concluded that the preparation contained diiodinated material. These workers used the self-displacement technique for S.A. determination and found it necessary to add their 1251-T4 in 1DO-fold excess over the standard tracer level in order to obtain a significant depression of percentage binding. This is interesting because their assay system was presumably sufficiently sensitive to permit measurement of free T4 in serum dialysates, since they imply that their high S.A. 1251_T4 was used in those assays. The desirability of such highly active T4 is in any case debatable because of the instability of 125 1 diiodinated T4. By using very small quantities of chloramine-Tin our iodination reaction mixtures an attempt has been made to minimise 125 1 diiodinated T4 formation.
The presence of small amounts of contaminants in the labels is difficult to avoid since the iodothyronines are most easily separated under alkaline conditions in which they are unstable. While giving very good separation of T3 from T4 paper chromatography does lead to some breakdown of T4, necessitating a second purification step; no evidence of T3 breakdown was discovered. The chromatography can conveniently be left to run unsupervised overnight, and the iodinated products may then be eluted into a small volume of dilute ammonia in methanol. Column chromatography using Sephadex G-25 together with an alkaline phosphate elution buffer, pH 11.9, is an alternative technique for separation of T3 from T4 described by Kjeld et al, These workers found that best separation was effected by slow elution of the column, but rapid breakdown of the iodothyronines in the elution buffer necessitated relatively quick elution (i.e., over 3 hours). This technique is not convenient in laboratories which do not possess an automatic fraction collector, since the process would have to be continuously supervised. The fractions collected must also be neutralised immediately by addition of HCl to avoid further breakdown in the elution buffer.
Contamination of 1251_T4 labels by 1251_T3 and vice versa is probably of little or no consequence if used in conjunction with highly specific antisera. However, many commercial T4 antisera cross-react appreciably with T3, and use of such antisera together with a 125I_T4 preparation contaminated by 125 1_T3 could lead to significant overestimation of T4 levels in samples. Clearly it is desirable to use a purification technique which gives the best possible separation of T3 from T4.
We conclude that the use of radioactive T3 and T4 prepared as described, together with suitable commercial antisera, provides a precise and inexpensive assay system for both these thyroid hormones.
